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® Porous film, process for producing the same, and use of the same. 

0 A porous film, a process for producing the same, a battery separator comprising the porous film, and a 
battery having incorporated therein the separator are disclosed. The porous film comprises a polyethylene and a 
polypropylene as the essential components, wherein the polyethylene content in the total weight of polyethylene 
and polypropylene is from 2 to 40% by weight and the polyethylene content is changed in the direction of the 
thickness of the film, and is produced by forming a laminate film comprising at least one polypropylene layer 
and at least one layer of a mixture of polyethylene and polypropylene as the essential components, the 
polyethylene content in the film being from 2 to 40% by weight, uniaxially stretching the laminate film at a low- 
temperature range of from -20 -C to BO'C and then stretching the film at a high-temperature range of from 
90'C to 150*C. 
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FIELD OF THE INVENTION 

The present invention relates to a porous film containing polyethylene and polypropylene as the 
essenlial componenls, a process for producing Ihe same, a ballery separator comprising the porous film. 
5 and a ballery liaving incorporaled Iherein the separator. 

BACKGROUND OF THE INVENTION 

Various types of batteries are practically used but recently, as a battery for applicability to a cordless 

70 system of electronic instruments, a lithium battery which gives a high electromotive force and a high energy 
and causes small self-discharging has been watched with i<een interest. 

As a material for constituting a positive pole of the lithium battery, metal oxides such as a fluorinated 
graphite represented by (CFJn. MnOa. V2O5. CuO. AgaCrO*. etc.. and sulfides such as TiS2. CuS. etc., are 
known, and as a material for constituting a negative pole thereof, metallic lithium, lithium alloys with other 

IS metals such as aluminum, materiais having an ability of adsorbing or occluding a lithium ion, such as 
carbon or graphite, and conductive polymers doped with a lithium ion are known. Further, as an electrolytic 
solution, an organic solvent type electrolytic solution obtained by dissolving UPFg, LiCFoSOa, LiCIO*. 
LiBF*. etc.. as an electrolyte in an organic solvent such as ethylene carbonate, propylene carbonate, 
acetonitrile. -y-butyrolactone. 1.2-dimethoxyethane. tetrahydrofuran. etc., is known. 

20 Where an abnormal electric current is passed trough the lithium battery constituted of the above- 
described materials by external short-circuiting, or an erroneous connection of the positive pole and the 
negative pole, the battery temperature Is considerably raised with the passage of the electric current, which 
causes a possibility to give a thermal damage to the instrument having incorporated therein the lithium 
battery. Therefore, it is usual that the lithium battery includes several safety devices. 

25 It is proposed that by increasing the electric resistance of a separator incorporated in the lithium battery 
to prevent the occurrence of short-circuiting of the positive and negative poles at the increase of the battery 
temperature caused by an abnormal electric current, the battery reaction is intercepted to prevent the 
excessive increase of the temperature, whereby the safety is secured. 

The function of securing the safety to prevent the excessive increase of temperature by intercepting the 

30 battery reaction by the increase of the electric resistance at the increase of the temperature of the lithium 
cell as described above is generally called shutdown characteristics (hereinafter referred to as "SD 
characteristics"). The SD characteristics are the important characteristics of the separator, etc.. for a lithium 
battery. 

In addition, in the present invention, the temperature when the electric resistance is increased by the 

35 increase of a temperature and the value of the electric resistance reaches 200 Q-cm^ is hereinafter called 
"SD initiation temperature". Where the SD initiation temperature is too low. the increase of the electric 
resistance is initiated by a slight increase of a temperature, while where the SD initiation temperature is too 
high, there is the possibility that the safety is not sufficiently secured. At present, it Is recognized that the 
practical SD initiation temperature is from about 100 "C to 145*C. 

40 Furthermore, it is desired in the point of securing the safety that in the battery separator, the increased 
electric resistance Is maintained at high temperature over the SD initiation temperature by the effect of the 
SD characteristics. The highest temperature at which the increased electric resistance is maintained is 
hereinafter called "heat resistant temperature". The heat resistant temperature can be considered to be a 
function of keeping the film form of the separator, and when the temperature is over the heat resistant 

45 temperature, the separator is melted and cannot keep the film form, whereby the electric resistance is 
reduced and the SD characteristic is lost. 

Now. as a separator having the SD characteristics, for example, (a) a porous film on the surface of 
which a fusing material (i.e.. a material having a melting point lower than that of the porous film) is 
interspersed as disclosed in JP-A-1 -186751 and JP-A-3-62449 (the term "JP-A" as used herein means an 

50 "unexamined published Japanese patent application"), (b) a laminate porous film comprising a porous layer 
capable of changing into a substantially non-porous structure at a definite temperature and a layer capable 
of keeping the porous structure at the temperature as disclosed in JP-A-62-10857 and JP-A-4-181651. and 
(c) a porous film comprising a mixture of polyethylene (hereinafter referred to as "PE") and polypropylene 
(hereinafter referred to as "PP") as disclosed in JP-A-4-206257 are known. 

55 The realizing mechanism of the SD characteristics in conventional separators is as follows. In the 
separator (a), when the temperature of a battery is over a definite value, the busing material on the 
separator is melted and the micropores of the porous film are clogged by the molten component, which 
results in increasing the electric resistance and the further increase of the temperature is prevented: in the 
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separator (b). when the temperature of a battery is over a definite value, by changing one porous layer of 
the separator Into a non-porous structure, the electric resistance is increased and the further increase of the 
temperature is prevented: and in the separator (c), when the teniperature of a battery is over a definite 
value. PE in the separator is melted and llie micropores of the porous film are clogged by the molten PE. 
whicfi results in increasing the electric resistance and the further Increase of the temperature is prevented. ' 

Of the conventional separators described above, the separators of the type (a) have the possibility to 
decrease the safety by falling off of the fusing material from the surface of the porous film. 

Further, of the separators of type (b). the separator described in JP-A-62-10857 is produced by the 
method of forming a laminate film comprising a layer of a resin mixed with a filler or a plastlcizer and a 
layer of a resin which has a different melting point from that of the above resin, mixed with a filler and a 
plastlcizer, and then immersing the laminate film in an organic solvent which does not dissolve the resins 
but dissolves the filler or the plasticizer in the resins, whereby the filler or the plastlcizer in the film is 
extracted off to form a porous film. However, since this method uses an organic solvent, scattering by 
evaporation of the organic solvent is inevitable and hence there is a possibility of, as a matter of course, 
worsening the environment of the production site and giving bad influences on the natural environment. 

On the other hand, in the separators of the type (b), since the separator described in JP-A-4-181651 Is 
obtained by stretching a laminate film comprising a high-melting resin layer and a low-melting resin layer to 
form a porous film, there is no problem caused by the use of an organic solvent and the separator is 
preferable in this point. 

Further, since the separators of the type (c) are obtained by stretching, there is no trouble caused by 
the use of an organic solvent as In the separator described in JP-A-4-181651 and the separators are 
preferable in the point. 

However, the requirement for the Improvement of the characteristics in the technical field is strong and 
the quick realization of the high performance of separators (lowering of an electric resistance, the 
improvement of the mechanical strength, etc.) is a pressing need. 

SUMMARY OF THE INVENTION 

Accordingly, one object of the present Invention is to provide a porous film having a practical SD 
initiation temperature, a high safety, a low electric resistance, and a high mechanical strength, and which Is 
suitable as a battery separator. 

Another object of the present invention is to provide a process for producing the above-described 
porous film. 

Still another object of the present invention is to provide a battery separator comprising the above- 
described porous film. 

A further object of the present invention is to provide a battery having incorporated therein the 
separator. 

As a result of various investigations to overcome the above-described problems In the conventional 
techniques, it has been found that in a porous film comprising a mixture of PE and PP. the above object 
can be attained by changing the content of PE in the direction of the thickness of the film. The present 
invention has been completed based on this finding. 

According to the present invention, there Is provided a porous film comprising PE and PP as the 
essential components, wherein the content of PE in the total weight of PE and PP is from 2 to 40% by 
weight and the content of PE is changed In the direction of the thickness of the film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing one example of the fine structure of the porous film of the present 
Invention; and 

Fig. 2 is a graph showing one example of the SD characteristics of the porous film of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is described In detail below. 

The porous film of the present invention contains PE and PP as the essential components. The content 
of PE in the total weight of PE and PP which are the materials constituting the porous film is from 2 to 40% 
by weight, and preferably from 10 to 30% by weight, and the content of PP is from 60 to 98% by weight. 
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and preferably from 70 to 90% by weight. If the content of PE Is less than 2% by weight, the SD initiation 
temperature is increased to show the tendency of lowering the safety, while the content of the PE is over 
40% by weight the tendency of increasing the electric resistance and lowering the mechanical strength 
occurs undesirably. In addition, the thicl<ness or the porous film is usually (rom about 10 to 50 um but. as 
the case may be. «ie thickness Ihereol may be smaller or larger than the above value. 

As described above, the porous film of the present invention contains PE and PP as the essential 
components, and it is important also in the present invention that the content of PE changes in the direction 

of the thickness of the film. 

The modes of changing the PE content in the direction of the thickness of the porous film are (i) a 
mode that the PE content is low in one side part of the film and the PE content is high in the other side part 
of the film (ii) a mode that the PE content is low near the surfaces of the film and the PE content is high in 
the center part in the direction of the thickness, and (iii) a mode that tho PE content is high near the 
surfaces of the film and the PE content is low in the center part in the direction of the thickness. 

As described above, the change of the PE content in the direction of the thickness of the film may be of 
the various modes, but it has been found that the PE content in the lowest PE content part is preferably 
from 0 to 20% by weight and the PE content in the highest PE content part is preferably from 21 to 60% by 
weight In the preferred example thereof, the PE content near the surfaces of the film is from 0 to 20% by 
weight, and the PE content in the center part in the direction of the thickness of the film is from 21 to 60/. 
by weight. 

The PE content in the porous film of the present invention is explained below. 

The PE content is the proportion of the PE weight in the sum of the weight (A) of PE and the weight (B) 
of PP constituting the porous film of the present invention, and can be calculated by the following equation 

(1). 
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PE Content = 



A + B 



X 100 (1) 



However, since in the porous film of the present invention, the PE content changes in the direction of 
the thickness of the film, as the case may be. it is not always easy to calculate the PE content through the 
whole film or the PE content in a specific part in the direction of the thickness of the film by the above 
equation (1). In such a case, after exposing the cross section of the porous film in the direction of the 
thickness thereof to the vapor of an aqueous solution of ruthenic acid, the cross section is observed by a 
transmission electron microscope (hereinafter referred to as "TEM"). the area (D um^) of the PE part (the 
part is dyed in a black color with ruthenic acid) having a size of 1 um x 1 um in the area of the cross 
section is determined and the PE content may be calculated by the following equation (2). In the equation 
(2). E is the density of PE and F is the density of PP. 

D X E 

X 100 (2) 



PE Content = — ■ ~ 

(D X E) + (1 - D) X F 



When the porous film described above is used as a battery separator, the battery can be constructed 
by interposing the porous film between the positive pole and the negative pole. In this case, the materials 
for the positive pole, the negative pole, the battery case, the electrolytic solution, etc., and the disposition 
structure of these elements may not be any specific ones and may be the same as those for the 

conventional battery. .• 

When a temperature is raised by some causes during using such a battery, PE which is the constituting 
material of the porous film as the separator is melted and the micropores of the porous film are clogged by 
the molten components, which results in increasing the electric resistance, whereby the excessive increase 
55 of the temperature is prevented. In this case, however, when the porous film is composed of the parts 
wllhoul containing PE and the parts containing FE. the micropore clogging phenomenon occurs at the PE- 
containing parts and when the porous film is composed of parts having a high PE content and parts having 
a low PE content, clogging of the micropores with the molten PE simultaneously occurs at both the parts 
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but clogging is completed fast at the parts having the high PE content and the completion of clogging at the 
parts, having the low PE content is delayed than the former case. 

The process for producing the porous film of the present invention Is described. The process is a novel 
process developed by the present inventors, and comprises forming a laminate film comprising at least one 
6 PP layer and at least one layer of a mixture of PE and PP. the PE content in the laminate film being from 2 
to 40% by weight, uniaxially stretching the laminate film at a low temperature range of from -20 "C to 80'C, 
and then stretching the film at a high temperature range of from ICQ -C to 150 'C. 

In the process of the present invention, a laminate film comprising at least one PP layer and at least 
one layer of a mixture of PE and PP as the essential components is first formed. The laminate film is 
w formed such that the PE content in the total weight of PE and PP which are the essential components is 
from 2 to 40% by weight. There is no particular restriction on PE used for forming the laminate film, and a 
low density PE. an intermediate density PE or a high density PE may b© used. On the other hand, there is 
also no particular restriction on PP. and isotactic PP or atactic PP may be used. However, it has been found 
that in the case of desiring the porous film having a high porosity, isotactic PP is preferably used and in 
75 particular, isotactic PP containing at least 90% by weight (preferably at least 95% by weight) of the part 
which Is not extracted with a boiling n-heptane is preferred. 

The thickness of the laminate film can be appropriately selected, but from the easiness of stretching 
which is conducted later, the thickness Is preferably from about 15 to 80 ixm. 

The PP layer or the layer of the mixture of PE and PP of the laminate film can contain, if desired and 
20 necessary, additives such as an antioxidant, an antistatic agent, a filler, etc.. in appropriate amounts. 

The formation of the laminate film can be carried out by a process of preparing PP and a mixture of PE 
and PP and simultaneously extruding them, a process of forming a film by extruding PP (or a mixture of PE 
and PP) and extruding a mixture of PE and PP (or PP) on the film, or a process of forming a film of PP and 
a film comprising PE and PP and then heat-welding these films. 
25 According to these processes, a laminate film comprising the PE layer and the layer of a mixture of PE 
and PP. a laminate film comprising the layer of a mixture of PE and PP having formed on both the surfaces 
thereof the layer of PP. a laminate film comprising the PP layer having formed on both the surfaces the 
layer of a mixture of PE and PP. etc.. can be obtained. The layer of a mixture of PE and PP in the laminate 
film may be a multilayer comprising at least two layers each having a different mixing ratio of PE and PP. 
30 In the process of the present invention, a heat treatment is. if desired, applied to the laminate film. The 
heat treatment may be applied by an optional method and. for example, there are a method of contacting 
the laminate film with a heated roll or metal plate, a method of heating the laminate film In air or an inert 
gas, and a method of winding the laminate film around a core in a roll form and heating the roll-form film in 
a gas phase. In the case of winding the laminate film around a core material in a roll-form and heating the 
35 roll-form film in a gas phase, the laminate film can be wound by laminating a releasable sheet with the 
laminate film. Examples of the releasable sheet which can be used are a polyethylene terephthalate film, a 
fluorine resin film; a paper and a plastic film coated with a releasing agent such as a silicone resin or a 
fluorine resin; and the like. 

The temperature and the time for the heat-treatment can be selected according to the manner of the 
40 heat-treatment, etc., but the temperature for the heat-treatment is preferably from about 100'C to 160"C 
and the time is preferably from about 2 seconds to 24 hours. 

By applying such a heat-treatment, the crystallinity of the laminate film is increased and the micropores 
can be easily formed by subsequently stretching the heat-treated layer to obtain the porous film having a 
high porosity. 

45 The laminate film thus obtained is then uniaxially stretched at a low temperature range of from -20 'C to 
80 •C (preferably from 0*C to SO'C) (hereinafter, stretching at a temperature of from -20 'C to 80'C is 
referred to as a "low-temperature stretching"). If the stretching temperature is lower than -20 'C, it 
sometimes happens that breaking of the film occurs during working and if the stretching temperature is 
higher than 80 'C, it is difficult to obtain the porous film. In addition, for the low-temperature stretching 

50 method, any specific method Is unnecessary and a roll stretching method, a tenter stretching method, etc., 
which are conventionally known can be employed. 

There is no particular restriction on the stretching ratio at tow-temperature stretching but the stretching 
ratio is usually from about 20 to 400%, and preferably from about 40 to 300%. 

The stretching ratio can be obtained by the following equation (3) using the length (L) of the laminate 

55 film before low-temperature slrelching and the length (LB) of the film after low-temperature stretching. 
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LB - L 

stretching ratio = x 100 (3) 



The laminate thus low-tempeiatuie stretched is then stretched at a high-temperature rang© of from 
90-C to 150-C (hereinafter, stretching at a temperature of from 90-C to 150-C is referred to as a h.gh- 
temperature stretching"). The high-temperature stretching is carried out in the same stretching direction as 
the low-temperature stretching described above, but may be carried out in the other direction than the low- 
temperature stretching direction. . , ,. ^ ■, ■ 

The reason of defining the temperature at the high-temperature stretching in the above-descnbed range 
is the same as the reason defined above at the low-temperature stretching: that is. if the temperature is 
lower than 90-C. it sometimes happens that breaking of the film occurs and if the temperature is higher 
than 150-C. it is difficult to obtain the porous film. In addition, for the high-temperature stretching method, 
conventional methods as the low-temperature stretching can be employed. 

There is also no particular restriction on the stretehing ratio at the high-temperature stretching but the 
stretching ratio is usually from about 10 to 500%, and preferably from about 100 to 300%. The stretahmg 
ratio can be obtained by the following equation (4) using the length (L) of the laminate film be ore ttne low- 
temperature stretching, the length (LB) of the film after the low-temperature stretehing (i.e., the length of the 
film before the high-temperature strfttching). and thft length (LH) after the high-temperature stretehing. 

LH - LB 

Stretching Ratio = ^ 100 (4) 



The porous film thus obtained has the residual stress which acts at the low-temperature stretching or 
30 the high-temperature stretehing. whereby the porous film shrinks in the stretehed direction to easily cause a 
dimensional change and hence by shrinking the dimension of the film m the stretched direction af^e 
stretehing, the dimensional stability of the film can be increased. The shnnking can be earned out fo 
example under the heating condition as the stretehing temperature. The extent of shrinking ^nay be opt onai 
but usually is an extent such that the dimension of the film after stretehing is reduced from about 10 to 

^ '"further by applying a so-called "heat setting" of heating the film to the stretehing temperature or to a 
temperatur; higher than the stretehing temperature, while controlling such that the dimension in the 
stretched direclion of the porous film Is not changed, the dimensional stability can be improved as the case 
of applying the shrinking treatment described above. H;,««.n«nnai 

40 the matter of course, by applying both the heat setting and the shrinking treatment, the dimensional 

'*^''irthrabiv°e'!Drace''srm^ laminate film comprising at least one PP layer and at least one layer of a 
mixture of PE and PP as the essential components is used but In the present invention, the laminate film 
comprising at least two layers each containing PE and PP as the essential components and having a 

45 different PE content to the total weight of PE and PP (i.e.. having a different mixing ratio of PE ancl P^P) can 
be used In this case, the laminate film only is changed and other factors are the same as described above^ 
The fine structure of the porous film obtained by the process of the present invention can be observed 
by an electron microscope. For example, when the cross section of the porous film in the direchon of ttie 
thickness is observed by TEM (the magnifications can be properly selected but are usually from about 

50 Srto 50.Soo magnmcations). it can be seen that the PE part and the PP part each has each 
independent phase separation structure, the PP part existing as a continuous phase and "^e PE parts 
existing as a discontinuous phase. Further, the greatest characteristic of the porous Mm of the present 
invention is that the PE content changes in the direction of the thickness of the film; that is. the PE parts a e 
not uniformly interspersed in the direction of the thickness of the film but are unevenly distributed In 

55 addition, at the observation, it is belter to dye the part to be observed by exposing the same to t^e vapor of 
an acTuec^s solution of rulhenic acid (in Uiis case, since the PE part is dyed more black than the PP part, 
the PE part can be easily discriiTiinated from the PP part). 
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Fig, 1 is a schematic view showing one example of the fine structure of the porous film obtained by 
applying the above-described process to the laminate film comprising the layer of a mixture of PE and PP 
having formed on both the surfaces thereof the PP layer. 

In Fig. 1, the arrow X shows the direction of the thickness of the porous film, the arrow Y shows the 
stretched direction, and the arrow 2 shows the direction perpendicular to the stretched direction Y. Further 
A shows the surface of the porous film, B shows the cross section cut along the direction perpendicular to 
the stretched direction Y. C shows the cross section cut along the stretched direction Y. and D shows the 
cross section cut along the direction 2. 

In the cross sections B, C. and D of the porous film, the PP parts 1 and the PE parts 2 each has a 
phase separation structure which exists independently each other, the PP parts 1 form a continuous phase 
and the PE parts form a discontinuous phase. The structure that the discontinuous phases are interspersed 
in the continuous phase as described above can be called a "sea-Island structure". In addition, the PP parts 
1 may be porous and PE parts may be porous or non-porous (having no micropores). 

The greatest characteristic in the porous film is that in the direction of the thickness of the film PE does 
not exist near the surfaces, PE exists only in the center part in the direction of the thickness, arid the PE 
content changes in the direction of the thickness of the film. 

The length of the PE portion 2 (the dimension of the direction Y) can be known by observing the cross 
section C and is usually from about 0.1 to several tens um. The width of the PE part 2 (the dimension of 
the direction 2) can be known by observing the cross section B and is usually from about 0 2 to 5 urn The 
thickness (the dimension of the direction X) of the PE part 2 can be known by observing the cross section 
C and is usually from about 0.1 to 2 um. 

The forms of the micropores 3 and 4 of the PP part 1 and the PE part (in the case of porous) 2 are 
mostly a long ellipse or a long rectangle. Further, the dimensions of the micropores in the PP parts are that 
the long diameter is generally from about 0.05 to 0.3 um and the short diameter is generally from about 
0.01 to 0.1 um. and the fine pores 4 in the PE parts 2 are that the long diameter is generally from about 0.1 
to 3 um and the short diameter is generally from about 0.02 to 0.5 um. 

It has been confirmed that the electric resistance of the porous film thus obtained in an organic solvent- 
type electrolytic solution at a liquid temperature of 20-C (hereinafter, this electric resistance is referred to 
as an "initial electric resistance") is low as lower than about 5 n-cm^ per one film, the breaking strength is 
high as higher than about 3.8 kg/cm^, and the SD initiation temperature is from about 100 'C to 145 -C 

The porous film can be applied for various uses, in addition to a battery separator, such as a separation 
membrane, a gas permeable film for architecture, a gas permeable film for clothes, etc.. as similar to the 
conventional porous films. 

The present invention is explained in more detail by the following examples and comparative examples 
In addition, in the following examples and comparative examples, all parts showing the mixinq ratio of PE 
and PP are by weight. 



EXAMPLE 1 



Isotactic PP having a melt index (hereinafter referred to as "Ml") of 2 and a mixture of 70 parts of PP 
having the same Ml as above and 30 parts of high-density PE having Ml of 1.3 were extruded by a two- 
layer simultaneous extruding method using a T die extruder at a die temperature of 230 -C to obtain a long 
laminate film composed of a PP layer having a thickness of about 16 um and a mixed layer of PE and PP 
having a thickness of about 16 um. The laminate film was then heat-treated by heating the film in air at a 
4S temperature of 1 50 • C for 5 minutes. 

The heat-treated laminate film was low-temperature stretched in the lengthwise direction at a tempera- 
ture of 25'C such that the stretching ratio became 70% and then high-temperature stretched in the same 
direction at a temperature of 100- C such that the stretching ratio became 130%. The dimension of the 
stretched direction was shrunk up to 20% at a temperature of 115 'C and further the film was heat-set by 
50 heating the film to 120 • C for 2 minutes, while controlling such that the dimension of the stretched direction 
did not change, thereby obtaining a porous film having a thickness of 24 um and the Initial electric 
resistance of 1.3 n-cm^. 

The PE content In the total weight of PE and PP of the porous film was 13% by weight. The PE content 
in the part of the laminate film up to about 12 um from one surface to the center part of the direction of the 
55 thickness was 0% and the PE content in the part up to about 12 um from the other surface to the center 
part in the direction of the thickness was 30% by weight, which showed that the PE content was changed in 
the direction of the thickness in the laminate film. 
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The SD initiation temperature, the heat-resistant temperature, and the hrea|ong strength of the porous 
film were measured as .ollows. and the results obtained are shown .n Table i below. 

SD Inilialion Temperature and H Bai-Resislani Temperature 

determined. ^. ^ no r o'ki^k THp electroivtic solution used was a 

30 j: rrtroir: t^^iz:^:^^"^ ~ . . ... ... ot 

propylene carbonate and ^'^^-^^f "J^^^f J^^^^^^^ 3, ohmmeter (LCR Meter KC-532. trade 

was calculated by the following equation (5). In the '^J'^^^ in the tate of 

electrolytic solution (at 20-C). R is the electric res|Sta"- (0 ^^^^^^^ZIZ J^cU of the porous 
immersing the porous film in the electrolytic solution, and S is the cross secnonai are v 

film. 

R = (RB - R) X S 

non-porous film. 
Breaking Strength 

each measured sample was 10 mm. 

TABLE 1 



35 



40 



45 





SD Initiation Temperature ('0) 


Heat-Resistant 
Temperature ("C) 


Breaking Strength (kg/cm^) 


Example 1 
Example 2 
Example 3 
Example 4 

Comparative Example 1 
Comparative Example 2 
Comparative Example 3 


135 
140 
135 
133 
135 
133 
155 


170 
170 
170 
170 
170 
170 
170 


4.5 
4.9 
4.1 
3.8 
3.0 
2.8 
4,4 



EXAMPLE 2 

- A laminate film composed of a layer (a thickness o, about 10 um) of ^^^^^^^^^^ 
PP having Ml of 0.5 and 30 parts °' ^'Ql^-^f V' She surf^^^^^ ^ 

B, s»»s*9ly applyino the hMHreawenl. ^^^^'T^yL^^^'i^ sem. m«.n« as in 



obtained. 
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.nn.rf "eight of PE and PP in the porous film was 7% by weight Further the PE 

from hi'?' T"' '° « ''^e -^"^e^ part in the LeS onhrthi kness 

Showed It .,fpF "\"'e cinecl-or, ol the thickness of l.,e porous film was 30% by weight, which 

cnaractenslics of the porous fiinti are shown in Table 1 above. 



EXAMPLE 3 

0 S ^n^^""^. °' ^ °' ^"^""^ ^3 um) of a mixture of 60 parts having Ml of 

as and 40 parts of h,gh-dens,ty PE having Ml of 0.4 and each layer (thickness of about 13 am) of a mixture 

bir«r' ? K ''""3 °' '° P^^*^ °' high-donsity PE havirig Ml of 0 4 forld on 

S-rrrdS rm~:.^: ;:r. s ^ "^^"^^^ ^"-"'^--^ - 

stretSinoT/tr". heat-treatment. the low-temperature stretching, the high-temperature 
Exlmole ; a oorllTn f "'"'"^ to the laminate film in The same manner as in 

rnntlnrc'^^r'^"' °' ^""^ '"^ "^^ P°^°"^ ^^^s 17% by weight. Further the PE 

Tt^eTl^Tr '° ' ''^♦'^ -"^-'^e^ t^-eo'f to the cTnter part 

LSnesTo h. nlr^ TT. ""^ ""'^'^ '^^ '^^"♦e"* - '^^e center part ?the 

JL' t^PE con^^^^^^^^^ about 8 urn) in the direction of the thickness was 40% by weight, which showed 

EXAMPLE 4 

h,„.l *Tn2^ ^.^i^^"*"^^^ °' 20 urn was obtained by extruding a mixture of 80 parts of isotactic PP 
having Ml of 0.5 and 20 parts of high-density PE having Ml of 0 4 

mi.tl?r« IT.n*"'?^?'!'' ''""^ ^ ''^^'"9 ^ "''^'^"ess of 20 urn was obtained by extruding a 
m,xture of 50 parts of .sotactic PP having Ml of 0.5 and 50 parts of high-density PE having Ml of oTusing a 
T die extruder at a die temperature of 230 -C. y mi oi u.h using a 

oJ^S^^sH^ll^n ^"P^^P°^e-^ °" °*«r and a laminate film was obtained by 

passing the superposed films through a laminate roller adjusted to a temperature of 1 52 • C 

By successively applying the heat-treatment, the low-temperature stretching, the high-temoerature 

SSs^ i^^^^^^^^^ T?;'^ ""'"^ '° •^'"'-^^ same' manne;'as fn lx^S 

^LI pp!. , r^.! °' e'^^Wc resistance of 2.2 tJ-cm^ was obtained 

contlJt in th T °' ^"^ °f P°^°"^ "'"^ 35% by weight. Further t^e PE 

Of rr r '° ^^^'^ ^^^'^^^^ °' P°^o"s fi^" center pan in the direction 

sur^ e Of t'oo^l's n^^ '° um from tJe othe 

shnr^H thl? iif oc * ^ P^"* °' •^''ckness was 50% by weight which 

T^^tJSL^^^r:^°"'"n °' '^'^"^^^ °' the 'thickness Ae 

cnaracteristjcs of the porous film are shown in Table 1 above. 

45 COMPARATIVE EXAMPLE 1 

havl^n^Mi of p n ^ n '.'n^'' ^"^^^^'"9 ' ^'^^^^^ ^0 parts of Isotactic PP 

te^plaru'^^^^^ ^^^^ ^'^^-^^"^^^^ ^-^"9 - ^-3 using a T .ie extruder at a die 

50 By successively applying the heat-treatment, the low-temperature stretching, the high-temDerature 

StaTnJn 1:," P^^°^^^""^.^^^'"9 a thickness of 26 um and an Initial electric resistance of 1.5 Q-cm^ was 
Obtained. The charactenstrcs of the porous film are shown in Table l above. As shown in the results me 
breaking strength of the porous film was low. 
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COMPARATIVE EXAMPLE 2 

By following the same procedure as in Comparative Example I except that a mixture of 60 parts of PP 
and 40 pans of PE was used in place of the mixture in Comparative Example 1. a porous film having a 
thickness of 25 urn and an initial electric resistance of 1.8 O-cm^ was obtained. The characteristics of the 
porous film are shown in Table 1 above. As shown in the results, the breaking strength of the porous film 
was further tow. 

COMPARATIVE EXAMPLE 3 

By following the same procedure as in Comparative Example 1 except that a mixture of 87 parts of PP 
and 13 parts of PE was used in place of the mixture in Comparative Example 1, a porous film having a 
thickness of 24 urn and an initial electric resistance of 1.1 Q-cm^ was obtained. The characteristics of the 
porous film are shown in Table 1 above. As shown in the above results, the breaking strength of the porous 
film was high but the SD initiation temperature of the porous film was considerably high. 

According to the process of the present invention, a porous film can be obtained by a simple operation 
and the porous film of the present invention has a high mechanical strength. Further, when the porous film 
is used as a battery separator, the film shows a practical SD initiation temperature and has the ment that 

the safety is high. _ 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

Claims 

1. A porous film comprising a polyethylene and a polypropylene as the essential components, wherein the 
polyethylene content in the total weight of polyethylene and polypropylene is from 2 to 40% by weight 
and the polyethylene content is changed in the direction of the thickness of the film. 

A porous film of claim 1. wherein in the direction of the thickness of the film, the polyethylene content 
in the lowest polyethylene content portion is from 0 to 20% by weight and the polyethylene content in 
the highest polyethylene content part is from 21 to 60% by weight. 

A porous film of claim 2. wherein the polyethylene content near the surfaces thereof is from 0 to 20% 
by weight and the polyethylene content in the center part in the direction of the thickness of the film is 
from 21 to 60% by weight: 

4 A process for producing a porous film, which comprises forming a laminate film comprising at least one 
polypropylene layer and at least one layer of a mixture of polyethylene and polypropylene as the 

40 essential components, the polyethylene content in the film being from 2 to 40% by weight umaxially 
stretching the laminate film at a low-temperature range of from -20 -C to 80-C and then stretchmg the 
film at a high-temperature range of from 90 • C to 1 50 • C. 

5 A process for producing a porous film, which comprises forming a laminate film comprising at least two 
45 layers each containing polyethylene and polypropylene as the essential components and having a 

different polyethylene content in the total weight of polyethylene and polypropylene, the polyethylene 
content In the film being from 2 to 40% by weight, uniaxially stretching the laminate film at a low- 
temperature range of from -20 -C to 80'C and then stretching the film at a high-temperature range of 
from 90*Cto150-C. 

A battery separator comprising a porous film comprising polyethylene and polypropylene as the 
essential components, wherein the polyethylene content in the total weight of polyethylene and 
polypropylene is from 2 to 40% by weight and the polyethylene content is changed in the direction of 
the thickness of the film. 

A battery separator of claim 6. wherein the porous film Is such that in the direction of the thickness of 
the film, the polyethylene content in the lowest polyethylene content part is from 0 to 20% by weight 
and the polyethylene content In the highest polyethylene content part is from 21 to 60% by weight. 
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8. A battery separator of claim 6. wherein ihe porous film is such that the polyethylene content near the 
surfaces thereof is from 0 to 20% by weight and the polyethylene content in the center part in the 
direction of the thickness of the film is from 21 to 60% by weight. 

5 9. A battery comprising a positive pole, a negative pole, a separator interposed between both the poles, 
and an electrolytic solution, wherein the separator is a porous film comprising polyethylene and 
polypropylene as the essential components, wherein the polyethylene content In the total weight of 
polyethylene and polypropylene is from 2 to 40% by weight and the polyethylene content Is changed in 
the direction of the thickness of the film. 

10 

10. A battery of claim 9, wherein the separator is the porous film such that in the direction of the thickness 
of the film, the polyethylene content in the lowest polyethylene content part is from 0 to 20% by weight 
and the polyethylene content in the highest polyethylene content part Is from 21 to 60% by weight. 

'5 11. A battery of claim 9. wherein the separator is the porous film such that the polyethylene content near 
the surfaces thereof is from 0 to 20% by weight and the polyethylene content In the center part In the 
direction of the thickness of the film is from 21 to 60% by weight. 
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FIG. 1 
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FIG. 2 
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